Climate variations on timescales longer than a year are often character-4 ized by temporal scaling ("power-law") behavior for which spectral power 5 builds up at low frequencies in contrast to red-noise behavior for which spec-6 tral power saturates at low frequencies. Checks on the ability of climate pre-7 diction models to simulate temporal scaling behavior represent stringent per-8 formance tests on the models. We here estimate temporal power-law expo- 
Introduction
Climate variability on interannual to multi-decadal time scales involves a mix of externally and internally generated variability [Wigley and Raper , 1990 ]. The classical two-parameter model of such variability is Hasselmann [1975] autoregressive model of the first order (AR1). It corresponds to a class of physical models in which stochastic (weather-noise) atmospheric variability drives slower components of the climate system such as the ocean. An alternative two-parameter model of the temporal power spectrum is the power-law model
where λ is the frequency, b represents the overall spectral power, the "Hurst exponent" H 20 is related to the spectral slope s by H = (1−s)/2, and λ l and λ h are low and high frequency 21 cutoffs used in model fitting. Unlike the Hasselmann model, the power-law model, which
22
indicates temporal scaling behavior rather than dependence on any particular timescale,
23
has no simple established physical interpretation.
24
Recent research has pointed out potential limitations of the AR1 model [e.g. 
79
We use three additional simulations of AM2.1 to explain theĤ distribution: 1) "Climo", Thus, the simulations show that the observedĤ distribution is mainly determined by We briefly demonstrate that current generation climate models can capture theĤ dis-97 tribution in a less constrained forcing framework. TheĤ distribution averaged over the 98 CMIP3 coupled ocean-atmosphere models is shown in Fig. 1f ; it displays a similar struc-99 ture to Figs. 1a-c but has a narrower meridional extent and a weaker volcanic signature 100 in the lower stratosphere. The simple explanation for the latter is that only 9 of the 17 101 models considered included realistic volcanic forcings.
102
We propose that the relatively steep spectral slopes represented by theĤ maximum 
Conclusions
To conclude, we find that zonal-mean air temperature on interannual to multi-decadal 139 timescales has a steep spectrum that might be modelled by power-law behavior in the 140 tropical to low-extratropical troposphere and the tropical to subtropical stratosphere.
141
Current generation climate models can capture these features and specialized forcing 142 simulations elucidate their dynamics. We propose that the troposphericĤ signatures 
